Endovascular embolization is being increasingly used to treat intracranial arteriovenous malformations (AVMs). However, we experienced two patients with retained microcatheters after AVM embolization using Onyx.
puted tomography (CT) and magnetic resonance imaging revealed an intraventricular hemorrhage, a right temporal lobe AVM (Fig. 1A) . Cerebral digital subtraction angiography (DSA) revealed a 10×6 mm sized AVM (Spetzler-Martin Grade II) 13) filling from the superior cerebellar artery and draining through an internal cerebral vein without any feeding arterial aneurysm or venous stasis (Fig. 1B) . The nidus was occluded with Onyx embolic material under local anesthesia at a biplane angiography unit. Vascular access was obtained using a 6F guiding catheter (Envoy, Cordis, FL, USA), and distal vascular access using a Silverspeed (ev3, Irvine, CA, USA) microwire. After the microcatheter tip was placed at the perinidal position, superselective angiography was performed to analyze the anatomy of the nidus (Fig. 1C) . Embolization was conducted by flushing a microcatheter with normal saline and then filling it with DMSO. Onyx (0.25 mL) was then injected slowly (<0.1 mL/min) into the microcatheter, and injection from the catheter tip into the AVM was monitored fluoroscopically by road-mapping. When Onyx reflux of 1 cm was observed around the catheter tip, the injection of Onyx was temporarily discontinued for 1 minute to form a cast around the tip of the microcatheter, and subsequently, a second penetration into the nidus was made. The total amount of Onyx used in case 1 was 0.8 cc, the injection time was 25 minutes, and the distance between the catheter tip and Onyx reflux was about 13 mm (Fig. 1D ). When we attempted to remove the microcatheter, its tip was found to be stuck to onyx
INTRODUCTION
Intracranial arteriovenous malformations (AVMs) are uncommonly encountered with a prevalence of 0.06 to 0.11% in the general population 5, 14) . AVMs are treated by surgery, radiosurgery, endovascular embolization and their combination 2, 3, 8) . However, recent technical and material advances raised the status of the endovascular embolization of intracranial AVMs, particularly as an adjunct to surgery or radiosurgery.
Ethylene-vinyl alcohol copolymer (Onyx, ev3, CA, USA) is a new polymerizable liquid embolic material, which supplied in dimethyl-sulfoxide (DMSO). Unlike previous embolic material, theoretically it allows longer injection times and better control of injections because of its longer polymerization time, and thus, in addition to the lack of adherence mentioned above it also offers the advantage of better penetration 4, 11, 15) . Nevertheless, these advantages do not prevent a catheter being used for embolization being glued into an AVM, and a remnant catheter in an intracranial artery presents a risk of thromboembolic complications. Here, we report two patients in which a catheter was inadvertently glued into an intracranial AVM during Onyx embolization.
CASE REPORT

Case 1
A 53-year-old woman presented with a headache. Brain com-
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retained catheter rates in the arterial system or on subsequent complications. Weber et al. 17) reported a retained catheter rate of 4% that for AVMs, but all complications encountered were without clinical consequences. The long-term courses of patients with a retained catheter have not been well documented. Although, it is evident that a retained catheter could cause local arterial injury, and that its mobile end could cause complications, such as, peripheral artery aneurysm formation or thromboembolism. Zoarski et al.
18) reported a case of a chronically retained microcatheter in the carotid artery that was surgically removed, and in this case, the retained microcatheter caused thrombotic occlusion of the superficial femoral artery. Bingöl et al. 1) also reported the successful surgical management of a femoral pseudoaneurysm caused by a retained catheter inadvertently glued into a cerebral AVM during embolization. In our two described cases, surgical management was not necessary because no vascular mass, and could not be removed. Unsuccessful attempts were then made to withdraw the microcatheter over a period of 20 minutes. However, eventually the catheter was transected at the groin puncture site, and the remnant was left in the femoral artery. Anticoagulant therapy was administered for 2 days and the patient was maintained on antiplatelet agents. The patient also underwent gamma knife radiosurgery for a remnant AVM at 24 days after the procedure. At two years after the embolization treatment, contrast enhanced abdominopelvic CT depicted the retained microcatheter against the peripheral wall of the descending and abdominal aorta (Fig. 1E ).
Case 2
Two years before this presentation, the patient, a 31-year-old male, experienced a seizure and was transferred to our hospital from a local clinic. Radiographic findings at that time revealed a 23 mm sized right temporal AVM fed by multiple branches of anterior temporal and posterior cerebral arteries, and he was treated by gamma knife radiosurgery. At this presentation, follow up DSA revealed no reduction in the size of the nidus. Accordingly, the AVM nidus and feeding arteries were occluded partially with Onyx under local anesthesia. Vascular access, microcatheter superselection, and embolization with Onyx were done as described above, but again, the catheter was adhered to Onyx mass and could not be removed. The catheter was transected at the groin puncture site and prescribed medications to prevent thromboembolic complications (Fig. 2) . The patient underwent second gamma knife radiosurgery of the remnant nidus at 6 days after embolization.
DISCUSSION
The new liquid polymer Onyx allows longer embolization injection times, and therefore, provides better nidus penetration than n-BCA 10) . The complete obliteration rate of intracranial AVMs with Onyx is greater than the 10% rate of n-BCA 9,10,16,17) . However, despite its non-adhesive nature, some reports have been issued about catheters glued into the cerebral circulation by Onyx 4,9,17)
. On the other hand, little information is available about complications, such as, an aneurysm or thrombosis, arose. In the first case, serial follow up abdominopelvic CT demonstrated that the retained microcatheter had adopted a peripheral wall location in descending and abdominal aorta. Ease of catheter removal depends on catheterized vessel tortuosity, vasospasm, the duration of precipitation, the distance of the reflux, and operator's experience. Some reports have described retrieval of a trapped microcatheter after Onyx embolization of an AVM. Santillan et al.
12) used a balloon microcatheter (Hyperform TM , eV3, CA, USA) to provide distal counter tension for trapped microcatheter retrieval, and Kelly et al. 6) used a monorail snare technique to remove a microcatheter trapped in an occipital artery in an onyx treated case. However, great care must be taken when deciding whether to use these salvage techniques, especially for intracranial AVMs. The recent introduction of a microcatheter with a detachable tip (SONIC, Balt, France or Apollo, ev3, CA, USA) might overcome the complications associated with microcatheter retention and the risk of vessel wall rupture during microcatheter retrieval 7) .
CONCLUSION
The long-term courses of patients with a retained microcatheter have not been well characterized, but in our two cases, no vascular complications occurred during 3 years of follow up. We emphasize that great care must be taken when deciding whether to remove a retained intracranial microcatheter surgically.
